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Abstract Despite significant strides to minimize lead in our air, water, soil, food, homes, workplaces, and

consumer products, sporadic and systemic lead poisoning persists in industrial societies, e.g., the contemporary Flint
(Michigan, USA) municipal water tragedy. Because lead exposure is cumulative, the sum of exposure from all
sources, it is important to document and update potential community or neighborhood exposure levels from such
environmental compartments as air, water, soil, food, and housing. Here we present ambient airborne lead levels in
El Paso, Texas, USA, parsed by particulate matter (PM) size fraction, geography, and season. Dichotomous samplers
at 8 stations collected PM continuously for 1-week periods for nearly 4 years. Overall, airborne annual lead exposure
throughout El Paso County is low, well within US Environmental Protection Agency (EPA) guidelines. There is
considerably more lead in the coarse fraction (PM10-PM2.5) than in the fine fraction (PM2.5 and lower), indicating
decreased effective human exposures because the coarse fraction does not penetrate as deeply into the pulmonary
system as finer particles. Re-entrained soil has previously been identified as the source of airborne lead in El Paso;
the concentration of lead in the coarse PM is consistent with this observation. Seasonally, fall-winter lead levels are
highest, due to PM trapping by temperature inversions, followed by spring and summer. Geospatially, higher lead
levels characterize sampling stations in older and more commercial neighborhoods, also consistent with published
maps of soil lead levels throughout the city and county. At present, airborne lead can be considered to be only a
minor source of lead exposure for typical El Paso residents.
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1. Introduction
Airborne lead (Pb) contamination was a serious
environmental health hazard in industrialized countries
through much of the 20th Century [1,2,3,4]. Leaded gasoline
was the dominant source, rivalled only in specific local areas
by fugitive emissions from mining, smelting, and working
of this toxic metal, as well as incineration and such specific
industries as lead-acid battery and wheel weight manufacture.
The addition of tetra-ethyl lead and related Pb-based
anti-knock compounds decreased in the US as catalytic
converters, which would be inactivated by lead deposition,
were incorporated into new vehicles to reduce smog,
starting in 1975 [5]. A consequent dramatic decrease in blood
lead levels correlated closely with the measured decrease
in airborne lead over the next 15 or so years [6]. Similar
decreases were observed in other nations that switched to
unleaded gasoline, a process that was completed in most
industrialized nations by 2000 and globally by 2015.

The most dangerous aspect of human exposure to lead
occurs in young children, in whom lead acts as a powerful
neurotoxin on the developing brain and nerve system,
even at quite low blood lead levels (BLL) [7,8,9]. Current
practice in the US, as enunciated by The Centers for
Disease Control and Prevention (CDC), employs a blood
lead intervention threshold in children of ≥10 μg/dL. In
the US average BLL in children 1-5 years old has dropped
from 15 to less than 1.5 μg/dL [10]. Nonetheless, some
researchers and activists argue that no levels of blood lead
are safe [11]. In 2008 the US Environmental Protection
Agency (EPA) lowered the then current airborne lead
standard by a factor of 10, from 1.5 μg m-3 to a 3-month
average below 0.15 μg m-3 in total suspended particulate
matter (TSP) [12,13]. The agency also relaxed the
required monitoring for urban areas since most were
expected to meet the new, albeit stricter, regulation.
Nonetheless, with a decrease in the number of required
urban monitors it is possible that in some cities there may
be persistent local “hot spots” that do not meet current
regulations.
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1.1. Legacy of Lead Contamination in El Paso,
Texas
The city of El Paso, in far west Texas, USA, has a long
history of exposure to lead due in part to the presence for
more than a century of a lead smelter sited approximately
3 km from the urban downtown center. The smelter was
constructed in 1887 to process ores from mines in Mexico
and the US Southwest. Over time it was chiefly a lead
smelter and then a copper smelter. Operations were
suspended in 1999 and the smelter was demolished in
2013. The soil around the smelter was contaminated with
lead and arsenic, and children in Smeltertown, a workers’
residential community immediately adjacent to the
property, were found to have exceedingly high BLLs [14].
The children were treated and the settlement was razed.
Extensive background material on Smeltertown and the
ASARCO smelter are found in [15,16].
With cessation of smelter operations and elimination of
leaded gasoline, airborne lead in El Paso has fallen
dramatically [17]. Nonetheless, Pb-contaminated soils
persist in the older areas of El Paso, a legacy of smelting,
gasoline, and other industrial activities [18,19]. Selected
residential yards in a small region near the smelter site
were remediated under EPA supervision.
By speciating recent samples of airborne lead by
synchrotron-based x-ray absorption spectroscopy, reentrained soil was found to be the dominant current source
of the metal in the El Paso air shed [20].

1.2. El Paso Geography
El Paso is located in the far west region of Texas, along
the Rio Grande, which forms that section of the USA- Mexico
border (Figure 1). El Paso County hosts some 825,000
residents, with an estimated 1,500,000 residents in
contiguous Cd. Juarez, Chihuahua, Mexico. The climate is
Chihuahuan Desert, a high desert climate zone
characterized by low rainfall and cool to cold winter
temperatures [21]. El Paso elevation is approximately
1150 m, with an average rainfall of just under 25 cm, most
of which occurs in brief mid-to-late-summer storms in the
“monsoon” season of July, August, and September. Strong
winds and dust storms characterize the dry spring season.

1.3. Rationale for Study
This study presents the results of lead analyses of
a large number of dichotomous aerosol samples, which
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split particulate matter (PM) samples into PM coarse
(PM10 – PM2.5) and PM fine (PM2.5 and finer). Because
sampling was performed at numerous sites throughout
the city of El for periods of several years, the sample
set can provide a robust picture of contemporary exposure
of the local citizenry to airborne lead.

Figure 1. (Color online) Location map of El Paso, Texas

2. Materials and Methods
2.1. Sampling
The samples included in this study were collected
at 8 stations over varied periods of time during the
3.4 years from August 2006 to December 2009. Several
additional stations with shorter sampling periods were
not included here. The sampling sites were widely
dispersed across El Paso County, as seen in Figure 2.
Sampling locations required access to electric power
and security. Therefore we co-located most of our
sites with existing Texas Commission on Environmental
Quality (TCEQ, the Texas State agency responsible
to the federal EPA) Community Air Monitoring
Stations (CAMS) [22]. In areas without such CAMS,
samplers were sited at El Paso Water Utilities (EPWU)
ground water monitoring stations. A map of the sites
is seen in Figure 2; brown shading is undeveloped
mountain areas (Franklin Mts., USA and Sierra de Juarez,
Mexico).
Descriptions of the individual sites are seen in Table 1.
Sites B, C, E, and G were not included in this study.

Table 1. Description of 8 monitoring sites in El Paso, Texas
Site

Description

A

Predominantly residential area in west El Paso, adjacent to railroad tracks.

D

Northeast El Paso, classified as a residential location.

F

Adjacent to the campus of the University of Texas at El Paso (UTEP). Residential and some commercial.

H

Adjacent to the International Bridge of the Americas, a major US—Mexico border crossing and truck route.

I

Predominantly residential area in east El Paso, near Album Park.

J

Far southwest area of El Paso, the mixed urban—rural Mission Valley.

K

Southwest area of El Paso (Mission Valley), chiefly residential.

L

Monte Vista, newer residential area in easternmost El Paso, proximal to desert.

49

Journal of Atmospheric Pollution

Figure 2. (Color online) Sample locations in El Paso County

2.2. Samples
Thermo Electron Corporation Series 241 dichotomous
samplers (Thermo Electron Corp., Waltham, MA, USA)
collected PM samples on Teflon® filters over a sampling
period of 1 week. Mass was determined by gravimetric
analysis. U.S. EPA's Compendium Method IO-2.2 guided
overall procedures [23], with specifics available in [24].

2.3. Lead Determination
Lead concentration was determined on a PANalytical
Epsilon5 energy dispersive x-ray fluorescence unit (XRF),
an instrument specifically designed to meet the requirements
of US EPA Method IO-3.3 for elemental analysis of air
filters [25]. NIST PM SRMs (US National Institute for
Standards and Technology, Standard Reference Materials)
for particulate matter [26] and Micromatter™ commercial
thin-film single-element standards [27] were used for
instrument calibration. Analytical protocol was based on
EPA Method IO-3.3 for XRF analysis of suspended
particulate matter [25].

2.4. Data Compilation: Seasonality and
Geography
To assist in comparisons and interpretation, the weekly
data were composited into 3 annual seasons, defined by
changing wind patterns. For the purposes of this research,
June 16 through October 15 represented the ‘summer’
season, which is most commonly associated with high
temperatures and intermittent brief monsoon rains (the
North American Monsoon, bringing moisture to the region
from the Gulf of Mexico). October 16 through February

14 data were designated as ‘winter,’ with area inversions
typical for this part of the year. Nighttime freezing
temperatures are not uncommon in this Chihuahuan
Desert climate, at an elevation of ~1200 m. February 15
through June 15 was categorized as ‘spring,’ which is
characterized by dry conditions and large-scale wind
events. Each season has distinct characteristics associated
with prevailing wind direction, temperature, and presence
or absence of precipitation. Thus weekly data were
simplified by calculating the average mass of lead per
cubic meter of air, in each season, at each of the 8 sites, as
averaged during a period of approximately four years.
The averages, organized based on season and
geographic location, represent the total ambient exposure
of a person residing in a specific El Paso neighborhood
during a specific time period. This represents an important
parameter in considering the health impact of different
neighborhoods on their residents.

3. Results and Discussion
3.1. Data
Figure 3 presents the seasonal averages of lead in PMC
(PMcoarse) for all stations for all years. Figure 4 presents
the seasonal averages of lead in PMF (PMfine) for all
stations for all years. Note the change in vertical scales,
where the PMC tops out at 60 ng m-3 and PMF tops out at
only 30 ng m-3. Thus differences between lead levels in
coarse and fine PM are twice as great as they appear
visually. Had we plotted the PMF at the same scale as the
PMC, differences within the PMF data set would not have
been visible.
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Figure 3. (Color online) PMC lead levels by season and station
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Figure 4. (Color online) PMF lead levels by season and station
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Figure 5. (Color online) Comparison of lead in total suspended particulates for cities located in the southwest U.S

3.2. General Observations
3.2.1. Lead Levels and Air Quality Regulations
Airborne lead was found to be well below the US EPA
National Ambient Air Quality Standards (NAAQS) for
Lead (Pb) under the Clean Air Act of 0.15 micrograms Pb
in total suspended particles per cubic meter air as a
3-month average. The El Paso Pb values are seen to have
not exceeded an average of approximately 70 ng m-3,
or .07 µg m-3, during any of our averaged periods of
approximately 4 months. Note that we used the sum of our
PMC and PMF measurements to derive 70 ng m-3 as a
proxy for the TSP value used in the regulations.
Figure 5 presents a comparison of airborne lead levels
in El Paso and 3 other cities in the region, as well as the
US average and US EPA standard [28,29]. Note that these
values are based on TSP samples collected by individual
state agencies to comply with EPA Pb air monitoring
regulations. The values of our data for site F, as seen in
Figs. 3 and 4, are in general agreement with the Pb levels
reported by the EPA. Our site F corresponds most closely
to the urban core sites used by TCEQ for Pb monitoring.
3.2.2. Source of Lead
The order-of-magnitude higher concentrations of lead
in the PMC relative to those in the PMF is striking.
Anthropogenic lead sources, e.g., the automobile emissions
formerly associated with gasoline containing tetra-ethyl
lead and related compounds or powdering old Pb-based
paints, typically are associated with the fine fraction of
airborne PM. Here the presence of the overwhelming
majority of the lead in the PMC fraction indicates the lead
does not have an obvious current industrial, automotive,
or other anthropogenic source. This observation is
consistent with an earlier investigation of the speciation of
lead in El Paso PM. Using synchrotron-based X-ray
absorption spectroscopy (XAS), [20] demonstrated that
virtually all the airborne lead was in the same chemical
form as that in the local soils, i.e., adsorbed to humic acids
or possibly such other soil components as clay particles.
Thus the current airborne lead is a legacy of earlier
pollution from automobile exhaust, a local lead, zinc, and
copper smelter (shuttered in 1991), and other anthropogenic

sources. The speciation and the particle size of that lead
changed with deposition and transformative chemical
interactions within the local soil.

3.3. Geographic Trends
Sites F, H, and J stand out, in sequence, with the
highest lead PM values. Site F is within 1.5 km of the
former ASARCO smelter, adjacent to the University of
Texas at El Paso, which is built on land donated by
ASARCO in the early 20th Century. The smelter was
founded in 1887 to handle lead ores from the mines in
northern Mexico, and later added copper and zinc
separations. It operated for more than a century, and
ceased operations in 1999. The US EPA found ASARCO
a potentially responsible party for lead and arsenic
contamination in the neighborhoods surrounding the plant
and undertook a cleanup of residential soils at some 1000
houses within a 5 km distance of the plant. In addition to
soil contamination from the smelter, site F lies close to
Interstate Highway 10, Mesa Street—State Highway 20 (a
heavily trafficked commercial route), two railroads, and
US Highway 62—Paisano Drive. Thus leaded gasoline
and railroad transport also contributed to a significant
legacy burden of soil contamination in this older part of El
Paso’s urban core [18,19,30]. Inasmuch as chemical
speciation indicates that re-entrained soil is the dominant
source of lead in current El Paso air [20], it is not
surprising that the highest lead levels are coterminous with
the part of the city bearing the most lead-contaminated
soil.
Site H is in the Chamizal Memorial Monument, a small
park located within 150 m of the US Customs and Border
Patrol Inspection Station at the foot of the International
Bridge of the Americas, a border crossing between El
Paso, Texas, USA and Cd. Juarez, Chihuahua, Mexico.
Some 400 m past the Customs Station is US Highway 54.
On two other sides the small park borders US Highway 62
(50 m distant) and US Interstate Highway Loop 375—
Cesar E. Chavez Border Highway (150 m). In addition to
the legacy of airborne lead deposition onto the soil from
vehicular traffic, the extremely busy bridge crossing has
long been well known for traffic delays in excess of one or
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two hours for entry into the United States. All vehicles are
stopped at multiple lanes in a toll-booth-type barricade
and drivers and passengers subjected to a brief—or
extensive—questioning and vehicle scan or search. This
process often causes backups of the multi-lane traffic,
with motors running, extending a kilometer or more across
the bridge over the Rio Grande into Mexico. Fallout from
leaded gasoline was intense, and made more so by the
Mexican vehicle fleet that was older and less well tuned
than its US counterpart. Further, leaded gasoline was
available in Mexico for some period of years after its
regulation in the US. Not surprisingly, lead contamination
of the soil in this area was high and thus we find high lead
PM concentrations due to re-entrainment [19].
High airborne lead levels at Station J seem at first
anomalous since this is a lower-population-density region.
However, the sampling station lies a few hundred meters
between two older thoroughfares, Socorro Road and
Alameda Avenue—State Highway 20, the latter a main
commercial route. The site is less than a kilometer from a
large open-air trap and skeet range, a potential source of
airborne lead fallout. In addition, westerly winds,
unblocked by any topographic features, drive urban dust
from Cd. Juarez into this area, yielding consistently high
PM readings.
Site K bears similarities to site J. It is located proximal
to, and downwind of, the Mexican border, adjacent to
Border Highway—Interstate Highway. Lead levels are
toward the middle range of those at our sites.
Lower levels of lead were recorded at the remaining
stations. Sites A, D, I, and L are in residential areas of the
city, with no special soils with high levels of legacy lead
available for re-entrainment. Sites D and L, despite
highways within a kilometer of each, exhibit particularly
low levels of lead, consistent with their peripheral
locations relative to urban development and its associated
vehicular traffic during the bygone leaded-gasoline era.

3.4. Seasonal Trends
In general, the highest levels of airborne lead are
associated with the winter season for PMC and, to a lesser
degree, for PMF. Colder weather in El Paso often is
accompanied by inversions that trap PM in a stagnant
layer of air ranging from 200-500 m thickness above
ground surface [31]. The higher PM loadings in winter
result in higher lead values as well. Although strong winds
occur throughout the year, spring is regarded as the windy
season in El Paso, with occasional dust storms. It also is
dry, typically with less than a few cm of rainfall.
Inasmuch as re-entrained soil is locally the dominant
source of airborne lead, it is reasonable that we observe
higher lead levels in spring than in summer due to the
higher loading of PM in the air. Rainfall in the summer
monsoon helps clear PM from the air and decrease
re-entrainment of Pb-contaminated soil.

3.5. Public Health Implications
In terms of public health, effective annual exposure of
the typical El Paso resident falls well below regulatory
levels of concern, as elaborated earlier in section 3.2.1.
But a more careful parsing of the data indicates that

effective exposure actually is much lower because most or
virtually all of the lead is contained in the PMC. It is well
established that PMC can penetrate into the deep lung and
settle in the bronchioles and alveoli. However, PMF is
even more effective at penetrating the alveolus in the gas
exchange region of the lung and thus these are classified
as respirable particles. PMF also includes the sub-micron
particles, and nanoparticles that are capable of entering the
bloodstream. Exposure to the same chemical form or
compound of lead in finer particles would be expected to
result in greater transfer of lead to the exposed individual
due to: 1) longer pulmonary retention time of the more
deeply respired fine particles; 2) more intimate contact of
those particles with tissue and cells of the lung; and 3)
higher surface-area-to-volume ratio of the finer particles,
resulting in easier chemical reaction and elemental
exchange with tissue (release and transfer of Pb to tissue).

4. Conclusions
Levels of airborne lead in El Paso, Texas are well
within the limits established by US EPA standards. The
lead is concentrated in the PMC fraction, consistent with
the previously established contemporary source of reentrained soil. Soil contamination is a legacy of leaded gas
use, over a century of emissions from a lead smelter
within 2 km of downtown, powdering lead building paint,
and other traditional commercial and industrial sources.
Seasonally, lead levels are highest in the fall—winter due
to atmospheric trapping by diurnal temperature inversions.
Levels are lowest in summer, and intermediate during
spring. The geospatial distribution of airborne Pb across
El Paso reveals highest levels in older areas where soil
lead levels are highest. Overall, airborne lead should not
represent a significant health consequence to most of El
Paso’s populations. Further, concentration of the lead in
the PMC fraction suggests a lower bioavailabilty of
inhaled lead than would occur if the same amount of lead
were concentrated in the PMF fraction, which would
penetrate more deeply into the pulmonary system.
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